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This invention oe to an electronic device for the digo 


| axination, and display of pictures (arevings) and visual synbols, 


It 4a an object of this invention si denctia wh apparatus for use by 
artists, film directors, or producers which will a) ‘generate and display 


| | | 
images and visual symbols, and B) allow, by means of proper controls, for the 


{ 


animation (movement) of these images. It on on = object of the eure to 


i - 
! y 


provide a means by which the actions of the images and aynbols may be recorded 
in part or in whole by either film or magnetic tae a other suitable en 
means. It is also an object of this invention that ene the desired image 
information has been properly stored in the device or means of photographic 


film, or other suitable memory storage medium, that the generation of the picture 


\ 
on a display device is automatic. . 


Another object of the invention is to display the imakes being generated 
J \ 


in such wey an to allow scitahle rapport between fn operator and the device 


(feedback) and simultaneously (in parallel) to dteplay in euch a mamer within 


the deioe as to allow for any inage convertion techniques witch may be exploy 


ed for the superposition of characters or parts of snagee and backgrounds, nr 


for the final recording of the oupput images. It is also an object of this 
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tnvetion to give to the operator mauna by wich be may conte ( by mante 
palation of various control potentionters) the movement and/ce detortion and 
existance of visual tea such as characters, objects, prope, : alanine: 
colors, or special effects in « manner which is consistent with human control 
capabilities. 

A more spect fie object of the Lvention is to provide a fast, lower cost 
means of picture animation with. such a broad range of control and automaticity 
ack ea artistic endeavors are limited only by the —_— imagination. 

It is also an object of this invention that oe proportions of the 
apparatus may be used for the immediate feneration - visual symbols in a suite 


\ 


able or significant array or position as to convey fraphic meaning to invoning 


4 
a 


intelligence which requires immediate display and ‘dissenination as may be re- 
quired in military control centers, or in television canna or in eivers 
tising displays, or is any situation where ieoaitaie! display of tinely, visual 
information is desirable. 

It ie another object of this invention that ie need not be limited 
to the physical manipulation of the controls, but that control may be effected 


by electronic signals of a source other that the ones generated by control | 


4 
“A 
é 


| manipulation by an operator, 


It is also ang object of this invention that information (concerning 


i 





pack> 


pre-arraned ead of visual poe or cid of rather comple eaters) 


may be be sent via suitable eee ae means between stations watch have these 
: ston aie the atrantage of exceedingly low, ae préduct: pequises 
pa, in the communication channel. or unique nies of this device is that 
siialak information which must be necessarily produced to adhere to the re- 
quirement of the human vision eye (ie. perstetance of vision) is generated 
: sstomattoaliy by the device and only information rearing gross, inidiinsiniial 
Sangeeta the portion or wtatus of the mags ta remired.) Tt is also an 
ike of the invention that it be weed in generating and displaying information 
peace status and/or postion of certain objects with relation to fixed re- 
, \ | 
ferencesas may be Wé4G4£ needed in conten ¥ with —— aids heats show- 
ing satelite or aircnaft status or errr or for the generation of Up-to- 
the-minute weather maps. ‘ - | : ' 
Another object of this invention is that it be used in conjunction with 
computers for input and putput purposes, where cortatn functions may be proe 
— with visual symbole wich may be ea See both operator and come 
pater, una oateut may be in tre of musing ia, easily and 
quickly interpreted by human operators, | : 
. 4 
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GENERAL DESCRIPTION 





7 In general, the device onsite of a means of cieiliatie presenting to 

; te x,y plates and the . (or brightness control grid) axis of an oscilloscope- 
type electronic display, simultancsous continnous shinies eabiatialies Hana 

y components of the notion, of the beam which cause the beam of the oscilloscope 
to drav a 2~dimensional projection of,2 or 3ed4mensional visual ianes in repree 
sentative fashion on the tabe faces and a means of controling the position, inter- 
relation, esior: artistic texture and brightness of the visual images in whole 
any in part by means of marmal or automatically generated electronic control 
inputs. : 


‘ 


\ 


The images to be generated and controlled may be thought of as having, 
or being composed of, "bones® and "kik", A "bone" in thia context is a spa- 
cial vector, a line in three dimensional space which has a determined length, a 


i | 
determined starting point, and a determined direction, a directiong which may 


Co fS THE ARGTLE THAT ic PROTECT iow OF THE VECTOR ow TRE XY PLANE MAKES 
WITH THE & AUIS) 


be described by the eo and § which the bone sas vector nakes with the fa- 
— standard xs and xy planes respectively of neato nian (F16 QW 2): ° 
On the other hand, the "skin® of the image as sat described, may be thought 
of aff the thickness or shape (3-dimensional we elimi the visual image, and 

| - 


may be described as the locus of all points described by the end or tip of a 


variable-length skin veeyor which eninates from the bone and terminates at the 





| ence | 
eS ks 


surface of the win of the object, as it (the vector) a or spins ssitians 
gonally around the bone as its root travels along the length of the bone fran 
pe to the other. Yor Clarity fig. a) shows this eeuasaitat ines | 

' The bone vectors and ekin vectors are generated separately, but gyne 
chronoubly or parallel in time and then added togsther so as to produce & spa- 
cially 3-dimensional electronic representation of the figure, a selected, Fane 
‘mensional projection of which is drawn on the face of the display scope. Con- 
binations of bone and skin vectors representing different parts of the total 
visual image are generated in a logical sequence (as to be described). 

The image drawn on the face of the scope is the 2qdinensional projection 
(on a selected plane) of the end or tip of the askin vector as it rotates along 
the bone or merely a projection of the bone itself (4f no skin is added). Yeo- 
torial paileticisinias of the computed projection ciara and ne a 
contimously generated and these pesitional a are fed into the x ani y 
channels of the display devic8 to create the image. 

Motion of the image is effected by drawing man image in repetative, ee~ 
quentially-changing manner, and presenting to the eye ‘ series of "still" pice 
tures, but, if motion és desired, each picture slightly changed from the begin- 
ning picture, taking advantage of the familiar persistance of vision. 


Motion of the image is effected by moving or changing the position of the 


t 
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BRAIN Te SSE RE WG, EE a a Fee 
ci ek eee Rae URE 
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eee % 
bev 
bone vecotrs (attitude motion), slfie ies tole ta 


gicin vector lengte (plastis motion), and/or orthoganality to bone vector and/or 


= ty changing the selected projection plane {camera angle motion) ie -: 


in general, color, textural, and shading of the visual image are effected 
bx proper modulation of the signal presented to the brightness control grid 
(secckmmmtbhaenyeted) of the display acope thereby modulating the dais of 
the bem. Specifically color may be effected by using # color display apparatus 
co a = TV receiver) or a conbination of eine using different colored 
filters, or phosphors, and super~imposing the images by optical means (semi- 


transparent mirrors). 
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a In bloeking out our patent area there are certain basic 

; ideas which, if we could claim as our own, would give us the room 
we aaa to work in, The patenting of combinrtiors of ecxponente 

rether then specifie circuits would seem to be the answer, for 


CiRcutT 
the clrovits weedcarerso common that there are many poseibdie gie- 


signe, PERHFES WE SHOULD THADK IN TERMS OF THE FLOW AND PROCESSING OT SIENA 
Some beeie ideas to keep in mind however are! 
x 
A, The vector addition of the elin vector to the 


bone vector, 







ek 


7K im VECTOR Sin VES TOR 
:. 
veh : Gone 
rae VECTOR 





a, Full Basic Formet b,OuT- Link FORMAT 

B, The baeic idea of useing a scenner ovtput to mo- 
dulete the length of the zkin vector, 

C, Tae iden thst the skin vector 4s orthagonal (at 
right angles) op at any particular ssitin to the 


bone vector, We mey want to change tils angle 


*K sea Glossany of Formats (p13) 
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voriefly in sertain places in order to produce 
plastic effects in the skin ~ as in iip or eye 
motion, 


The method of generating the skin film of orthe- 


gonal information whieh may be scanned, Right now 


we are sontemplating using the flimedensity as the 
storage medium wich holde the information of the 
skin-thickness, There ere other w-ye to hold this 
information ( as in a memory device), Rather than 
heve the informati on contained in the film density 
(with density varietione from black to white, the 
informet'on covld be encoded in a ¢cigitsl fashion 
with black and white dots, 

We also need leewey in the metbode we wee for seane 
ning the exin-film, Rignt now we contemplate using 


Skin 
FILM 


& normal reotanguler raster 


for the full basic format, 
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where the output of the scammer is used merely 


Naat to eisplece the bone veotor to one side and/or 
t) 3, the other so tht we draw a bone twiee, thereby 


drawing on the ¢ispley only the ocutilind of the 


particular object being drawn, 
prsPLa4 cet 






DRAWN BY 
DISPLAY BEAM , 
DISPLACED FROM 
THE BOWE BY 
cae | THE. SCANNE 
OUTPUT WHEN 
SCANNER IS USED 
AS DESCRIBED 


SCAN NINE 
PATTERN 


We cell this "Outline Format", 





a PNB 


Fe 


be 
We also need leeway in cireuit design in such 
@ way thet we may a) seiiabataaiis or b) digi- 
telize the synchronizing and multiplexing tech- 
niques, 
We need lots of room in the sontrol end of the 
Cevice, At prerent we create electronic inputs 
to the bone gates by the hand-menipulation of AB 
potentiometer, However, we have mony ideas for 
improvements, and as we get more experience with 
the operation of the ceviee, we will add new eire 
cuits and develop new teehniques to make control 


ae avtometic as posrible, 
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GLOSSARY OF PORMATS | 


7 ae 


ee . eieea : MAT: T want this to be a term woleh aiseri bes one 





or oe method (or format) wo use to "draw" an tales namely? the 
sizmlteaneoux generation of skin and bone veotors and the 
vector addition of these and the application of theese to 
the vertieo} end borirontal ehannels of res acope 80 
that the CRT beam aweepe out a projection on the CrT face 
of the sriraling tip of ‘ie gum of the vectors, 


OUT-LINE FORMAT: dhis term is used to cbecribe the object-draw- 


a ing format wich uses the particular seanning pattern and 
Gevice operation described in "EZ" of "Summary", Esgsentiale 
ly it refers to the Geatntous of drawing outlines of objects 
or figures, 


ANOTEER PORHATs 21G ZAG In the zig sag formet the akin vector 





is caused to webble back and forth, (not epin) in a 180° 
yector 


gone 
ere eas it travels along the bone, ( 
| “ete VECTOR 
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oe PRE 14 
moze DETNIED ceieiieasil 
MASTER OSCTLLATOR ce) 
RED SUMB>LS REFER To LOCATIONS ON Biotic DIAGRAM 
FOLD-OUT PAGE 5L 
The clock or master eee.) a ‘hihi 4 variable- 


frequency waveform generator, WHO%E FREQUENCK MAY BE ated 84 


AW EXTERnar D-C, VOLTAGE 
: There are tyo signal outputs of the clock or master 


escillater. Ofte is a square an the other, a sine eee > 


oe ee ee ee ee ee eee 

The function of the clock is to furnish the "driving- 
ee ae ee Sia vilken a es de 
workings of the device are "tine-synchronised." 

We refer to the cutput of the clock as "high frequency, “D4) 
because we count down (by means of a counted to be described later) 
to the "frame frequency," thus establishing a frame vate. Frame 
rate is the rate at which we draw one peas figure or picture 
on the display scope. | 

Because the counter performs a fixed-ratio-countdown, 
the low frequency is always a lower multiple of the high frequency. 
Thus, by varying the high frequency, we automatically vary the low 
frequency or frame rate. 


During this developmental period, we have been operating 





at frane rates ee 2h, and 30 eycles per second (CPS). a cps 
is desirable at this tine because «* yore - 
a) The lighting in our workshop is such that at a lower 
frame rate, we see a bothersome flicker, ani 
b) It 4s very easy to synchronise the frequencies to the 
60-cycle 7 (just twice the frame rate) 
with « hand sdjustment and thereby eliminate what is 
known as “hum" or line noise, whieh if not synchronised 
causes a slow wobble of the picture. 

In the future, vo witl Antal foncbck ting contre IT) 
in the counter circuit which will eutomatically synchronise all 
frequencies to the we (60 CPS) and thus eliminate the necessity 
of hand adjustments and also assure an exact 2; CPS frame rate. 

| ie denen Seonte output is fed directly he ites ania 
It is also fed into end is the driving signal for the horisontal 


deflection generator of the skin scammer » be described later). 
The sine wave satooe ts fed into two of the suite a 
(sambler gates to be described later), also into a 90 degree phase 


shifter “hose output now becomes a cosine wave (in relation to the 


PAGE IS 





Pace It 


original sine wave which is subsequently fed into the other 


set of amr os wets aime and cosine waves are fed into 


UCTIQRERS : 
\oeaabors (to be described later). 


ins isha st he dear te ee ees 
iL 
recorder, where the clock signals are recorded on one of the 
@ © _ 
channels, and used as driving signals of the device, thus 


synchronising all recorded signals with the “tape clock." 
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counrzr irre cowraoL 1, 
The countélis a chain of bistable miltivabratars. The 


setnsle a tc daicl, amie St habia tas On i Wis ne el 


oe) nea dis eanet ah tha teas OO ee sek 


which is exactly % the frequency of the input. Thus each BSMV 
in the chain haives its input frequency. 
At the present tine we have 9 BSMV!s in the counter chain. 
This gives a countdom ratio of 512:1. Thrs for a fram rate of 
2), frames/eec., the high frequency mst be 12,288 CPS. 

There is nothing magic about this selected ratio of 512 
tol. The choice of it at this time was governed by the ease with 
which we are able to use the high frequency in the function (sine- 

LT 
cosine) generator network. If the frequencies used in that network 
get too high, the generator does not perform as well as we'd like 
it to. We have not had time to redesign the network. However, 
it works well up to 16 or 17 KC, easily allowing a 30 FPS frame rate. 

Of course, the higher the frequency we use, the greater 

“bone skin" resolution we may have. (This will be explained 


later.) 





The output of the first BSMV, besides being fed into the 


2nd me also fed into the delay mitivibrators in the afore- 


mentioned sine-cosine function generator network, and acts as a 


driving signal for those delay MV's. In other words, it causes 


| the delay MV's to allow a sampling of the sine-and cosine waves in 


@) 
the samplers at } the frequesiy of the sin), oosins waves in the san- 
plers; i.e., there are 2 cycles to samle from. The significance 
of this ie that we can get more than a 360° rotation of a bone. 
(To be described more fully.) 
pie 
The timing control is a feedback network which automatically 
@O® 
synchronises all of the driving frequencies (i.e. High and Lew) to 
the 60 CPs ieee ins assuring an exact 2h, FPS frame rate. 
There are 2 inputs to the timing control: one is the 2); 
sk dain tise Seca et tite dies ee 0 i ee en 
GS) 
2h CPS fram rate is fed into a BSKV whose output is therefore 12 


Go) 


CPS. a en Le fed into a S11 countes . 
(binary feedback type) and its output is 12 CPS. These 2 
frequencies are then fed into a phase-comparator. The output of the 


phase comparitor (a D.C. voltage) is fed into a D.C.-controlled 


PACE (9 
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(qi wey) 


oscillator whose mean output frequency will be the desired high 


© 


a eee ee) 


A 


sins ts ek is nacltaiades ia: ba Slice eeaeaecans te tne 


at the back end of the counter. habe ahk a ee meee 


3 


the oscillator would be replaced by a motor speed sovern eS vnt on 


would accurately regulate the tape moe thus: the 


NO 


 Lrequencies _— off the tape. 


3 
PAGE {9 


(Zz 
“THE RICH FREQUENCY SINE WAVE. RECORDED on THE CLOCK- CHANNEL 


OF THE TADE RECORDER, (> OF CONSTANT AMPLITUDE Buctpr FOR THE FRAME 


¥ eneren 


, WHICH (9 OF GREATER Amplitude , “THIS 


Soame *muree oe” QD 
AME MARKER 15 CLIPPED OF AND stpaRnTED”” Fron 


TAE PET OF THE SIGNAL, PeoeTH SENALS pARt” SQUARED -uy 6) G2) 


BEFORE BEING USED AS DRIVING SIGNAL 


OR “THE DEVICE, 





pow onmuroe (wunes WT,U +) 


ELECTRONIC GATE-COMMUTATOR OR MONOSTABLE MULLTIVIBRATOR CHAD! TV 
wg AS 
te tn of meortaie mative eo 
ene Genernnee neee ae tape: eee a nee ae: oR 
a Re In other words, the MSHV's 
furnish the driving (opening closing) signals to the gates. 

The input to the first MSMV in the chain is a frame- 
ee a ee. | 
When the pulse arrives, ios acaeane tie a tidia eas tee atte 
(unstable) state, for a length of time as determined by its 
integra). RC network. By warying R, the length of time during 
which the MMV is in its unstable state may be varied. During 
this ia iin dk Mbaiinie Hit Willies seliadl ia an ab De edie 

a's 
This voltage is used to open a num“er of gates connected to it. 
When the "open" time has lepsed, the MSMV automatically flips back 
into its original state (stable) and changes back the output £5) 
voltage driving the gates, thus closing them. During the flip’- 


CHANGE IW VouTAGE 
a a ac ca a 


PACED 





eee ; . : . 
: ey it , 2 pact al 


; 


@) 


fs) | | 
netneas ere ean 


in the chain where a sinilar operation ceenre, thus opening the 


 pext group of associated gates for a tine described by the x 


associated with that 2nd MSMV. This commtating action continues 
until all the MSMV's in the chain have gone thru their individual 
cycles. 

5) ans BLoic DIAGRAM 
= The “driving output" of the MSMV's (shown in Pigs) 
4s used to perform a mber of tasks. For example, this output 
may be used to close the electronic switches across the integrating 
capacitors, thus causing the display beam to "fly back" to its 
starting point. These signals are used therefore as inputs to the 

| pa BUNS 

flyback sircuit, and this action will be descrit<d later in more 
detail. Another use of the MSMV output is to dim or blank-out 
the display beam. By applying the MOMV output to the grid of the 
display CRT, the beam is "turned-of/" during the “open” time of 


the MSMV so engaged. In tais manner, flyback retraces, and 


certain bone-placing retraces © (as in the arzs, where the bean | 


‘BMWHEN DRAWING A AUMAN FiguRt 


mst move from the starting point, up to the shoulder and thence | 






proceed to draw the arn, and during that “placement” bone 


drawing, the beam is blanked out) may be blanked out as desired, 








As mentioned before, the length of time that an MSMV 
remains in its open position is determined by GC), the integral 


RC network. Thus by varying each of the resistances associated 


“with each MOM -RC-ratwork, an operator is able to "set-up" a 


figure or character to have the desired “bone” lengths, and 
overall structure. He also, in this setup procedure, 
determines the sequence in which the particular bones will be 
drawn. In determining this sequence he makes the necessary 
connections between the MOMV's and the flyback and blanking 
“Thi & 
circuits, in addition to determining and "setting-up" the 
desired bons lengths. 
WT 

The MSMV shain is a switching, commteting network 
which regulates the opening and closing of the "bone" gates. 
The warious tasks which it performs could be done in other 
ways, such as (a) mechanical systems (b) binary counter systems 


with artes diode networks ¢.) other electronic arrangements 


d.) electro mechanical systems. pop GREATER STABILITY WE. MAK 


EVENTUNLY WYSE FAIS SHSTEM | 
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BONE GATES _Y_ 


Associated with each bone, and being driven by a 
a CO 
MGM’ of the MSMV chain, are a number of electronic gates. The 
gates are norv~ally closed, but are cpened by the rectangular wave 
CS Gs) 
form received from their driving multivibrator, There is an cutpat 
fron the gate only during the “open” period, and the na tture or 
CH 
character of this output is governed by the input signal. If the 
GD 
input is a D.C. signal, then the output will be a corresponding 
D.C. signal (similarly if the input is a sine-wave or other 
shaped signal, the output will lcok like the input). In other 
words, the cai asses or allows to pass thru it any signal that 
at ? 
4s prasent at its input during the "“open-period of the gate. 


Cokmpoatl WITAGES OF HE GB | Qs 
The sgates for each bone are in parallel, and operate Hc gat 


similtaneously, and send signals to different parts of the device 
QHENCRATE 
in order to mane" bones and control their vectorial positions in 
space. A gated D.C. waveform (as will be shown later) makes a 
straight bone. A gated "shaped" wave form will make a bone whose 
LOA 


axis is not straight, but has the integrated, vectorial directa 


(or shape) prescribed by the shaped spat > 
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By varying the D.C. voltage applied to the first DO 
the angle (@) that the bone makes with the X-axis of the display 
is varied. A variable potentioneesGkK may be used to vary this 
input voltage (other means may be used, of course). The second 
gate is used to control the angle that the bone makes with the 
I-Y plane (), in similar fashion by varying that D.C. input. 

occ © 
The third gate is used to control the angular position (or 
may be called "rotational position") of the skin on the bone. 
Additional gates may be used in similar fashion to 
A) etc, 
control other parameters of the bon@.- such as intensity, 
texture, etc. 

The first two gates called "@" and "4" send their 

BD Oe) SI 
output s 8 similar, angle-producing networks. These 
and other gate signals may also be sent to corresponding 

Xi Gt ) 
ehannels of the tape recorde¥; so that during playback these 
multiplexed signals will drive the bone and skin producing 


mechanisms of the device, thus automatically producing the 


previously recorded movements of the bones and associated parts. 
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The outputs of consecutive @ gztes are all fed into 


() VT 
ths '@" - sine-cosine function-generator and similarly the 


outpets of gates into ; 4 sine-cosine function gen. 


tie . 
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SINE - COSINE FUNCTION GENERATORV1_ 
® 

There are two sine-cosine function generators. One 
receives its input from the 6 wee the other from the ies 
Each generator has two outputs for each input. e range of 
voltages at the input represent any desired angular position 
of the bone, and the two voltage outputs have the relation 
of the sine and cosine respectively. (See General Thepry) 

In order to produce the relative values of the sine 


SIMUBTAN Edy sly 
and cosine, samples of sine and cosine waves are taken at 


regular intervals, and these samples are fed into capacitors Oe 
which hold the sampled voltages# to produce D.C. voltages 
across the capacitors which are at the levels being sampled. 
A sine-cosine function generator has in its net- 
work a delay siden narrow-output monostable multi- 
sou 2 wave-sampling ate a holding capacitor on 
the output of each sampling gate. The delay mil tivibrater => 
has two inputs. One a a from the 2nd stage of the 


wat a & the high frequency and is of the square wave 


type. Thé input causes the delay multivibrator to change states 
(to flip). It will remain in this state until it flips back 





2 


automatically into its original state. ‘The length of time 
that it remains in the unstable state is determined by the 


a D.C. voltage whose value determines the length of time the 
Gi) 
delayd M.V. will "delay". ‘The "driving" input from the count- 
® D mts 
er, as stated before, is at 4 the high frequency. This means 
that the delay MLV. performs ite function once for every 2 
cycles of the high frequency. This allows a sampling of the 
aC 
sine and cos waves to be taken over 2 cycles of the waves, 
which allows for a bone-angle swing of more thah 360° contin 
uous, 

Zhe output of the delay M.V. is differentiated and 
clipped, so that only a narrow pulse representing the trailing 
edge of the change-of-states is sent on to the narrow-pulse 
usuy 2) 

The input to the narrow pulse none a narrow, trig- 

na? 
ger pulse coming from the delay MV. The output of the 
is a very narrow, straight sided pulse which is used to drive 


a 


(or open) 2 sampling gates. The gates are very fast acting. 


GS) 
Another input to the gates is a sine wave (to one) and a 
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| GO 

cosine wave (to the ste § doaing from the sinewave generator 
(clock) and from the phase-~shifter respectively. Thus the 
output of the gates is a very narrow pulse whose height (or 
value of voltage) is determined by the time at which the sine 
and cosine waves vere sampled, which time was determined by 
the trailing edge of the delay i diel time was deter- 
mined by the D.C. voltage impressed upon it, this voltage hav- 
ing been determined by the output of the bone gates. The min- 
ber of such pulses for any given D.C, value impressed upon 


the delay M,Y. is determjsed by the sengt of any given bone, AND THE oPtpating 2. 


OF THE DELAY Mich IS 4 THE HIGH FREQ’ THUs , BOPE-LENETH RESOLUTION 15 HIGHER Of, 
“EINER” WETH HICGHER DRIVING FREQUENCITS, 


Because of the holding cee with 
the output of each sampling gate, there appears across each 
mapatitor:aiD,C.wottage:mepresenting a particular value of 
eine or cosine. For a seated tiaail bone, the holding cae 
pacitor may receive 15 or 20 sampling pulses during the time 
the bone is being generated. 

There are other ways of generating this sine-cosine 
function. One simple way would be to let the output of the 


bone gates supply voltage to associated sine-cosine potentio- 





ere GH 


meters, but theme pots are expensive and it would be requited 
that there be one for each date and controling inputs would 


have to be exclusively mechanical. 
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BONE INTEGRATORS V]{_ | 
i 
7 the integrator ie a high gain amplifier which has 
a feedback iia its impus. Its function is to per- 
form continuous mathematical integration of the signals present- 
® - 
ed to its input. There are three integrators in the bone 
generator, one for each gemetric goordinate (ie, x, y, 8) of 
three dimensional space. 
> 
if the inpu an integrator is a D.C. vbltage, the 
output is a ramp sean ~ The initial conditions (starting 
voltages on the out which determine the starting point of 
each bone on the display) are determined by the voltage aciipss 
the feedback aa If there is no discharge of that capa- 
(successive GontES) 
citor between succussive integrations bs then the bones generated 
by the integration of a sequence of D.C. voltages will be 
"joined together® Whenever the perro discharged or 
"shorted out", the initial condition voltages are made sero, 
and the display beam returns to a "sero" or "starting" position. 
— vay | | 
(The flyback cirouit to be described performs the function of 


shorting out and discharging the sicuee, desired or ree- 
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quired to draw a figure or image.) 

the value of voltage eres to the ee an 
integrator determines the rate of change of voltage at the 
output ers If the inpat D.C. voltages to the x and y 
integrators sendaiielh the cos 6 and sin © respectively, then 
the output of the integrators when fed into the horisontal 
and vertical amplifiers on a display scope will cause the 
beam to draw a line on the scope whose angle to the horison- 


is 6. SAMILARLY | p MoDULATES THE PROTECTED KENCTW OF THE BONE, THUY THE 
tal is 0 mn 


MULTIPLIERS COMBINE THESE Functions .( ¢ ©) se 
Lik. hel 
The outputgz of the comgination of any two of the 


integrators when presented one to each of the verticle and 
horisontal deflection channels of the display CRT will give 
the projection of the figure (or image to be drawn) on the 
plane determined by the combination, For example, if the 
Os 
x and y integrator# outputs are used, then the display wil) 
be a view which is the projection of the figure of the x, y 
plane, Similarly, if the y and s outputs are used, the view 


will be a projection of the figure on the y, s plane. Inter- 


mediate views may be obtained by combining all three intecra- 





es ee 
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tor wera e'd, proper amounts; thus allowing an operator of 
the device to view the object or figure from any position. 

fhe function of combining these integrator outpu & proper 
fashion is carried out by the "camera angle network® to be dis- 


cussed later. 
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The function of the flyback network is to short- 


out or discharge the capacitors (c) associated with the in- 


: lo )X 42 
tegrators at desired times during the sequence of bones and 


at the end of each cycle of bone generation. Discharging of 
the capacitors causes the beam of the display CRT to fly back 
to the starting position. 

An electronic switch discharges the capacitor. Pulses 

% 
which close the switch come from an amplifier which is in 
turn fed by phlses (which are ED) set ired) coming 
from selected multivibrators-of the MSMV chain. Also, a pulse 
whose duration is determined by the time of the closing of the 
last MSMYV > the beginning of & new cycle of the first MSMVAL) 
a) 
49 generated by a bistable multivibrater. Thies flyback bi- 
(oT 

stable MV receives a pulse from the last MSMV ae it closes. 


QOo 


CS) Go) 
This pulse flips the BSMV and its output causes the switche 
to close. This BSMV stays in the “closed® state wmtil it re- 
ceives another input pulse which this time comes from the 


oe gane pulse which starts the chain of MSMV's., 
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Woden contest ail GF the pulse impute to the anpli- 


fier which activatesg the switched so as to prevent pulses from 
feeding back into the ee causing them to operate 
out of sequence. 


The eleetronic switches r@main pom during the dur- 


ation of a pulse, be it long or short. \ 
| HS 
THERE IS A COLUMN OF CATEST GTICH ARE ACTIVATED 
fa | 
* Rec USEOR AS REGULAR P 
7H KEEP THE GATE-oUTPUT-SICNALS 
FROM DRIFTING ARSUND DURING /THE the RETOTCN yHt twp oft 


BY THE asmved CUTPUT,, THESE pf 
CONTRO LING GATE 
T 2, BUT MERELY 


ONE FRAME - 
AND THE BEGINNING OF ANOTHER fs THUS KeePING THE 


FUNTTIoN GED WAtoR Fr: eae 
OGD OM GETTING, Too FAR euT oF THE REGION of 
THE VOUTAcE ORMALLY PRESENTE D 


‘To iT. —tuEse 
“ : GATES ' 
BE ustD ) | May 


Ae Sonteor cares Toit szrval9ny nie TH 
TIME BETWTEN FRAMES, THIS MEANS THAT THE ssrvuss C 


WeKLED RECEIVE WE CANTREL- PULSE EVERY Sh. OF A 


BECOND , | \ 
a ia : “Te 
/ } \ 
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The Sein Goneratcz Le & high peed muomiatdesocestion! commztator: witch 
conveys in proper sequence and synchronization the thickness information which 
is senaiiad in a convienient form of information storage device of mediun¥. 

The function of the skin generator is to generate a video signal? Uae 
magnitude of which represents the orthogonal distance (or thickness) between 
the bone vector and the surface (of the skin) of the object or figure being 
drawn. 

“the Skin Generator is a kigk flying spot seats idk tet x wanes 
iceliaian ition the density of which contains the desired thickness 
information. 

The flying spot scanner is a special (short persistance phosphor) cathode 
ray tube (CRT) in which the beam is caused to sweep out a perscribed raster 
(patern of lines). The beam produces a short-persistant spot of light - the 
face of the tube. This spot of light ia optically ek focused on the 
photographic sransperese Ontch transmits varying amounts of light according bad 
the film density. Thus the photographia ee the intensity of 
the light as the spot sweeps or scans across it. This modulated light is collected 
by a condensing lens and roughly focused on a sateneaien tute which converts 


the modulated light into a voltage signal (video). (In general, this systen acts 


as a high speed commutator, aa as many pleces of information in a desired 
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stream or sequence. A TV camera is another — of a device which saad 
this continuous eaiethaile oe : 
The video oe then added mins to the bone sig- 

, giving the positional Sitiiaaitine to the ne beam which repavense 
the thickness of the object or figure being 4 drawn. | 
The movement of the fying spot is controled by deflection za eniied 9S) 
in scanner. The controling deflection wave forms are generated in the hori- 
| Ga) | 
sontal and vertical deflection generators (saw tooth generators), which are 
synchronised and driven by an input from the crook.) 

The raster Praen of hovement of the spot) of the scanner is basically _ 
rectangular, with some localised modifications in the pattern fpr special, skin- 
distortion effects as in lip, eye, and other facial and plastic-type movements. 
(gach as wrinkle effects which droul.d be automatically ieitiaaaid as a function | 
of associated bone angles). 


The skin generator may also be used to develope other skin information 


such as color, texture, and shading. (This will be discussed later.) 
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SKIN NETWORK” XK 


The function of the skin network is to algebraically 


combine the various voltage representations of sin ¢ cos oe 


sin % iat So) (0) ,» sin ». won ane the video 


signal "A", to give the proper formulamatic representations 


of the geometric projections of the figure or object being gen- 


erated. For quick reference, a tabular explanation of these 


various signals is given below, 


D.C. values of voltage whose relationship is 
assthe sine and cosine of the angle @ 


D.C. values of voltage whose relationship is 
as the sine and cosine of the angle 9 


Ramp functions of voltage, the outputs of the e 
integrators x, y and s respectively, where the 

constant K, is a scaling factor which is a device 
funtions a lumped constant which takes into acopunt 

the gains of the horizontal and vertical amplifiers 

of the display, the gains of the integrating amplifiers, 
and the amplitude of the input sine and cosine high- 
frequency waves. 


Sine and cosine wave functions whose frequency 
(the high frequency) is determined by ko, and 
whose amplitude is considered to be equal to one 
unit.(HNormal mathematical representation would be: 
a sin kot, but for brevity we let as 1 (unit) 
which may be about ten volts, peak to peak.(p-p). 


Capital A is used to denote the video signal which 
comes from the skin-scamer. This is a typical 
wide band video signal whose upper frequencies are 


very high. 


et 
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. fo show the inter-relationships of the various signals as & 


function of time, a signal plot is given below. 






na SiGN Abe 






, GONE jionegy Gomme | Gone Powe 4 wees | ETC 
' 1 & m i 
: i 3 + > o 7 J 
DescrieTiony 
+ 


¢ & $ 5 
MOMV #1 od CD 
as MV W 2. 3 €Ex 


| ¥ 
Msmuv #3. JI, Se < 


MmMomV  y 


| > 

Somsmy 5 of ee 

— MEM HG i. ie _ a areas iad 7 
wee BP sh V tt 2 2 _ era 
MoMV RG 6 ee ile SS 
Msev OD oP | 










an oe ERE EM 
ag ot seer TE, SE we 


: ~ 
w x. 
Xx WEvortl ye swep v 
w BM ont Coweta q 
: ~ PoTs (tu ae | z 
cats > 


GuTPuTS =~ 
ACRIDS Heim 








_— — eee I eda oe) 


= 


» eta ES 
Gare te MG 2 
a ae 
tryetass TO 
: INFEGIRAT in, & 
Gppperstomme 
ye pate pr 


AT : o eo oe eet ees - oO 


a aes an a Tt ee OY OT 





sine tt v 
out evT *™ 
(Sinivettt@d ) 


He (ATEC (FTO 
















OC 
© 


| eae entree Qtr EOP AOC AC LL Ee 
: (SrervrctFE Oo " ~ + Lt (NALS Shon \ 
. THE @ BONE] AND bSSatuTED SIGNALS pet SiMiLAR TS ©-BONE Sle 
) Seen VibES 


: F ‘ a ast H 
ie oe ae geligpsi 2 yl 
' ; i i Be ti. ic est Ad . Vas i 4 Hoe meee ue ib “—- Fe ES wa a 
6 j ii. ‘ rf Nef + Sree Win ote Ss ryuivain. tere yb Oy ' 
‘ih | G BoE emSem betes “o : 


pL oon kt 


- 


MAGNIFIED YIEWS 





: sin€st 
etvermcanrn™ | , 


‘ Ces k,t 
C05 ine€ gk. t yuma LEMAR & TH PCA L ——> 








PAGE 34 
3 


Two algebraic functions are performed by that portion of the device 
we call the skin ou namely iid and addition. Associated with 


(67 CI 75 : 
each mil warp OO are ane d outpu ifiers, which are electronically 


“WecAaL 
Gy 


uaceusaxy to allow an iia multiplier to perform its tast of multiplication, 
Multipliers also require sroenter-ta;h > pat thus there are three inmts to 
the multipliers. The important thing here is not how we perform the particular 
task, but that we do perform it. stats erety resistor networks which add 
the various signals presented to it. If mu the Signals are of opposite tari 
the the adder actually performs a subtraction. 
Algebraically speaking, the Skin Wetwori-takes the previously mentioned 
signals and combimes them so that: 
GU) x = Kyt, cos © cos f ra A cos © sin ¢ cos kot - A sin © sin kot 
(S%) ¥ = Kyty sin @ cos ¢ + A sin @ sin 6 cos kot * A cos © sin kot 
(53) « Kyt, sing +A cos ¢ cos kot 
Here, x, y and & represent the x,y, and s vectorial components of the 
three dimensional figure. By presenting any two of these signals to the X and Y 
channels of a display CRT, the resulting drawing will be a projection of the 
icons dimentional figure on the plane determined by the components selected, 


By the geometric selection and combination of all three of these components, 


any view or projection of the three dimensional figure may be shown. 





REE LO 
CAMERA-ANOLE METWORK “X(_ 


| AT 
The function of the Gamera-Angle Network is to algebraically combine 


(and thus geometrically and vectorially combine) the se oa of 
the three-dimensional figure in such a mamer as to allow for the selection and 
presentation of any 2-dimensional projection or a of the figure when the 2 
aan of this network are presented to the ON, Y (horsontal and vertical) 
channels of a display CRT. 

Two algebraic functions are performed. The first is multiplication by 
a constant, the second is addition. 

Multiplication by a constant is, in effect, the * taking of the sine 
and cosine of the vector"a and is accomplished by a network of variable, sine- 
cosine Pen 6. ee it performed by using a fixed-resistance networ’ SD) 

Angles 9! (theta prime) and 6' (phi prime) represent the rotation of 
the xy plane on the x axis and xs plane about the s axis, respectively. 

a-b 

Two Sine-Cosine pots ganged together (ie; whith wipers on a common 
4s the mechaniom for performing the properly-related multiplication by 
constants, ie; taking the sines "@ cosines in their proper relationship. 

_ “here are two such mec 8. oo of the shaft o@ one controls 


a-b o-d 
the viewing angle 0*. The other controls the viewing angle ¢'. Amplifiers (09) 


associated with the network of sine-cosine pots are an electronic necessity. 
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| 7 : 
The two sutpal thés network are fed into the ) CD er oa 


of the display CRT, and represent the *beam-positional” information necessary 
to draw the figure. Controlling, servo-motcrs will be used to position 

the shafts of 6' and ¢', so that the servo driving signals may be recorded 

on the control tape (magnetic) along with other contro] signals, thus record- 
ing the camera angles . I, other words, by recording the servo input 3, 
the servos iit automatically position the oe i) the sine-cosine pots to 


give the desired viewing or camera angles on playback. 
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OVERLAP PREVENTION AND SCAN CONVERSION X (| 


Because the digplay beam is drawing a 2-dimensional projection of a 
ss saianiiaitincals image in a contimious manner it 1s necessary to mere a@ means 
of preventing the beam from _— over a portion of the image which has al- 
ready been drawn. Thus a epecial device for "overlap prevention® the funoc- 
tion of doing away with "ghost" image or overlap. 

Overlap may be classified into two types. One type occurs when the 
®back past® or part of the image on the side away from the viewer is drawn. 
This overlap is prevented by turning off the intensity of the beam according 
to the vectorial position of the ekin tector which is a function of 1) phase of 

+) aT 

the high frequency, and 2) the camera angle (which governs the position of the 
plane of projection). 

The 2nd type of overlap occurs when one part of an object or figure over- 
laps another part, or where one figure is in front of another. By using a 
special display tube h has in it, two or more electron guns, one of which 
is a "urite™ gun, another of which is an “erase” gun, (having selective erasure 
capability) and having the erase gun predede the write gun by employing a slight 
delay in the "write" signals (both guns getting the same positional nesta sig- 


nals, however) overlap may be prevented, as long as the object or part of the 
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object which is to be displayed is drawm in sequence compatible with this 
PARTS DRAWN 
method (namely, Last)aill show) | 
A malti-gun sco euployed will contain the image thus drawn for 

) 
a length of time necessary for photographing or scan converting. A scan cone 
daiston dl tles su seis da eaibeas tae dati eden ls ae ee a 
is compatible with television transmission or a close-line raster which would be 
compatible for the superposition of figures on a background. 

At this point in the generation of animated pictures i4t is necessary to 
consider picture quality in terma of resolution. The problex of resolttion be- 

222 
comes acute when high scanning necessitates high bandwidth requirements, 
Thus it is contemplated that the special picture techniques ( sinisietaiiae 
(1) ay, 

overlap prevention-scan conversion) will be carried on at a relatively slow 
rate - ie, not at the sane apeed at which we animate. An operator may do his 
animation in real time (wiere t§e device puta the emtrol signals into a 
2,/frame/sec format) but the eventual film-recording of the animated sequences 
will be at a slower rate, and cf course all automatically controled by the 
pre-programmed animation. 

With low, reproduction-scanning rates, high resolution cathode ray tube 


display, (compatible with 35mm film grain) may be attained, 
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| (Tape Recorder) 
The function of the recording network is to record the joined-together 
_ ate) 
gate-output signals (multiplexed eer |. the bone-gates) and allow 
for the play-back of =. signals. The recorder is a milti-channeled record- 
| | AR 
er. On one channel is recorded the clock signals and frame- for syn- 
chronigation, Sound is recorded on another. 
. Selective recording of individual gate-outputs or groups of gate-out- 
puts is accomplished with recording gates which are activated (opened) by the 
M.S. miltivibrators associated with the bone gates desired to be recorded. A 
owl may be eaployed to hold these recording gates opened if it is desired 
to record all of the bones. (as an operator may do at the beginning of an 
animation run.) 


The "write" (record) heads are situated "upstream" from the "read" 


(9) 

(playback) neaage? far as tape motion 4s concerned. The signals which are 

passed by the recording gates are thence recorded on the tape by the “write®" 

noah e signals thus recorded are almost immediately read by the *read* 
Ne 

heads from which the signals are amplified and sent into the bone generation 


network, 


The tape format is shown below: 
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a ee ee es meme 


A ies stew Yer ety Ye 


ge Soumb ae A eee eee ae i 
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CLOCK CHANNEL ‘butt tanita 






-_ _— ~ — i  ., 


CHARACIE e a2 poten oe ER Pdcaige ch 





ere “T MA seeva 2t6nnes! 2tcoeVED 
ONE FRA M E nomnmmantpe BStEWwsttew FRevses 


The clock sam des recorded on it the high frequency sine wh2 plus 
® 2 
the intermittant frame pulse. These signals are electronically separa after 


sadiiadis wilt Siete: mance aad deal "es tine ioe eben ued the dein “athaie 


ge 


~ are sent to the counter chain. 


G23) 
After the @ and ® tape channels are filled with becorded signals, selec- 


6D 
tween selected MSMV's 





tive re-recording is accomplished by making comnections » 


' 


and thef recording gates so that these gates are opened only during the times 


@ Qe m® 
of occurrence of the opening of the © and ¢ gates associated with the selected !2)) 


AT Taw TINS 


MEMV's, (The initial recording switch is openginetigity.) 


For example, suppose an operator wished to re-record the angular actions 
(95 
of the lth and 5th bones. He'd connect the pulsed output of MEMV's #; and © 
Is) 
to the actuating input terminal of the recording gate. Thus the only time re- 


cording would take place would be at the exact spots on the tape that corres- 
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ponded to the previously recorded actions of bones |; and S. ieeiadee 


being activated at those times would obliterate the previously recorded signals 


and leave the newly desired signals on the tape. The rest of the frane time the 


| 20 
recording gate3-are Closed. nwo reat neat el), oo tn old as well as the new 





GD ¢9 ere. 


them through the device to stimulate the desired action 





Signals and 
on the display. 

Other tape channels are used in sinilar fashion to record and control 
other parameters of the bone. ‘For example, the (rho) channel is used to 


control the rotational position (or twist) of the ekin relative to the bone axis. 
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SHADING (AND COLOR) metwork (WoT SHOU) 





zg out of the camera angle network are 
ieeeiidiails senate j oo as fingers control the position - @ pencil 
on Sanaa The function - the shading (and color) network is to govern the 
_ intensity as it draws the figure or object, fe. (high frequency) varia- 
hice in intensity associated with skin shades and shadows, textures etc. 
didi salas froa the | surface variations in the skin. (Color variations in 
this sense are thought of in eaee of a two or three-color (multi-color) 
process chase, for example, the images of three display scopes (images bden- 
tical on each) are optically superimposed, and each scope has a color filter on 
ites face. By varying the intensities of the 3 beams, the optical image has 
full spectrum color capability. ‘Thus this topic is called "shading (and) 
color network",) 

The *gkin*® video sins ates the information about the orthogonal 
distance between bone and skin (thickness). In the Full Basic Format, the 
rate-of-change of the video signal is used to control the brightness (shading) 
of high-frequency skin variations to accentuate skin features which coour between 
the edges - the object being drawn in this format by differentiating the skin 
(wor Stew) 


video a rate-of-change signal is obtained. A threshold network detects ali 


rates of change above a prescribed absolute value. The clipped output of the 
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ee network is s enplifiod and cece thence used to modulate beam intensity. 
Bounding, edge effects (oie sdiaiiii etc.) are produced 4 is accordance with 
| the skin vector position which is a function of the phase of the high Sina 
aan 

In addition, a high frequency wobble or # focus-flare may be employed 
to heavy-uy: or thicken the edges, this action also being ee with phase 
of the high frequency sine ine 

iin ili effects, or grays, or textures which so not vary with bone 
position may be produced by gating-in these intensity-modulating signals using 

yy | 

the bone gates desighed for that purpose, The input to the gates may be a 
high frequency of a certain pattern which when applied to modulate the beam 
rn during the drawing of a particular bone will give a textured pattern. 
More specifically, video signals of prescribed desighs may be applied in this 
manner to give the dewired exterior appearance of an object as @ soap box or 
other consumer product, or a shirt pattern (on a human figure) or a fur pate 
tern on an animal character). (fo generate this intensity video, another 
ecanner technique where optical means (2-way mirrors) are used to have the 
skin-scanning raster of the flying spot focused on two (or more) films - where 


one film contains thickness information and another contains surface color, 


pattern or texture information. 
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ae CONTROL OF MOTION AND OTHER PARAMETERS 


GG) EX) ETC 


By controling the voltage a) the bone gates, the ‘rightness 
positions » attitudes, plastic neaiite and other spacial peranetors are con- 
troled, The fiinction of the controls is to generate the desired signals for 
OAL EEE | the various motions, ete. In general the controlling signals are 
very low frequency and in some dases practically D.C. (The sampling rate for 
each bone signal to be mal tiplexed is 2), times per second. In one second, 
ee the action of a bone is very wwitt, the voltage uariation from the be- 
ginning to the end of one drawing cycle (1/2) sec.) of one bone (5 1/30(1/2h) 

WHICH 
or 1/720 sec a. és very alight. That is to say, suppose the voltage varies 
-5 volts in one second due to the turning of a potentiometer in order to change 
the angle of the bone, ‘then the variation fran the beginning to the end of a 
bone is about 1/140 volts which is such a small change that the bone appears 
straight.) 

Networks of variable resistors and very low-frequency generators may be 
used to generate Gucreinked bone-group actions or motions. As the manipulation 
of the potentiometer inputs is himplified, it may be considered that the "con- 


trols" may become more and more computer-like, where many bone-motion functions 


are generated automatically. 





PAGE SO 


Shaped waveforus in place of D.C. ages Tee See Ree mee ee aN 
generate oe <4 
bones other that — Por example, a er conte . sepa will make a 
inate Ad Senay A sinoooah toput (Af at he proper phase and frequency) 
a wnt Winer ieee ce a@ square (type) wave input will make a 
sig sag /\'\ or sawtooth thpe bones a ramp input to the bone gates will make 
a curved or arched bone/ ¥ 


Special controlling waveforms may also be inserted either before or after 


sntegran wal = 
the integrator, without passing through the bone-gating and sampling networks ¢ 


in order to produce desired mutations on the bones. (Techniques such as these 
a have been discussed on many occasions and will be executed when time allows.) 
Joy-sticks and finger controls have been designed for easy, mechanical 

manipulation of the controls and may be the subjects of later patents. Special 
controlling m2 facial expressions may be tranduced from actual facial 


and lip motions using a network of strain gages. 
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OVERELL OPERATION 


Ads is contemplated at this time, operation of the device will be in 
accordance with the various modes described here, 

Mode I: Character Information Input 
Specially prepared photographic transparencies containing 
information necessary for character and backgroung generation 
are put into the device. Corresponding bone lengths are set, 
either by hand manipulation of "length mr or by the inser~ 

| 4 ost ean) 
tion of a prepared “resistor card"*. Bone sequence is "pro- 
” 

grammed® (including flybacks) by making the desired intercon- 


nections of the aan 


Mode Tit Set Up Cow€ FOR EACH GATE} 

The primary set-up-control potentiometers are manipulated to 

| put the character or sharacters in « desired, neutral position. the iladade 
recording gate is closed and the recorder is activated 
to record a length of time corresponding to the scene-length 
(which 4s governed by the pre-recorded sound track) - The tape 


ig then returned to its starting position. (This may be called 


"the initial tape pase".) 
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ae Mods Tit: Animation 


Mode IV: 


Mode V3: 


With the initial recording gate open, but with the desired 


any 


n ; | 
bones in the record mOK with MSMV hook-up to record- 


Ang gate) animation is effected by manipulation (either 


electronic&##f, electro mechanically, or hand mechanically) 


of the bone gate inputs of the bones being animated. (This 


may be called “animation pass*.) iiniaais animation passes 
are made until the desired sequence of action is obtained. 
(Skin may or may not be in place at this times) 

Full Animation Check 

in this mode, the device is run at a slower speed to allow 
the complete fabrication of the scene, including skin draw- 
ing, shading, background superposition, etc., so as to allow 
inspection of the completed scene. 

Photographic Recording 

The device is run at the slower, photographic-recording speed 


while the individual frames of film are exposed to the se~ | 


quence of pictures generated automatically by the device, 


having previously bean programmed in Mode £. 





PAGE $3 
GENERAL THEORY OF BONE GENERATION 


4 display scope or standard, electrostatically-deflected cathode ray 
tube acts as a vector-component~-adder if the proper tine-variant Signale ere 
presented to the x and y plates. Fig I shows a vector of length 4 which nakes 


an angle Q with the X axis. ‘4 


Fic, | 





One representation of this function in the x, y coordinate system is 


y =f(t) (function of time) 
x = f(t) 


Which is a parametric repr&sentation of that line which starts at t, 
and goes to t,. the functions of time f(t) are ramp functions and may be 


plotted as shown in fig 2. 





| Fi¢. 2 
Fig 2 shows that in the tine t, fo %, & and y increase from x5 to x, andy, to 
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yy respectively. m, and m, represent the slopes of the x and y functions, An al- 
niet representation of these ramp esis ares 

xs x and y : nyt 
where m, and m, are constante which represent the slopes of the lines in fig. 2, 
and t is the time variable. 


These slopes are the same as the tangents of the angles 0, and Oy and 





= v1 - 7 
ites i ha cae 
0 


Figure 1 shows that 


t-t = (L * length of vector from ty, to t,) 


Figure 1 also shows that 


71 YF, Ryn x 
sin 9 = L 2 and cos 8 = —~— 





Then by substituting equals we see that 


sin @ = —~>— - ——— =m ss tand 3 and 


t~t, 7 y 

x) ~ x, mH ~ Xp | 
cos 6 =” — eT ””«CO et? tan ° 
L h- t mx "x 


Therefore the algebraic representations of the functions in figure 2 arer: 


tit, 
] 


xs cos 6 t and y = sin @t 


~~ 
# +> 


where cosa © and sin 0 are constants which represent the slopes of the 





ramp functions of figure 2, which are aleo the time-variant, parametrio 


$ 


representations (simultaneous equations) of the vector components of figure 1. 


eee ee St ike 


| We know that the indefinite integral of a constant (K) 7” the tine 
domain is given by 
xm [#¢2)] = fre = Kt-+c 
where C represents the initial condition criteria. 
If for K we substitute sin 6, cos ©, we get 


x = [eo] = [oon oat - 6086 t + Cy 


and 


y= [ro] - [ume dt 


in order to produce the desired signals electronically which wil) give 


sind t + Og, 


ramp functions which represent the vectorial components of figure 1, we must 
perform two eimultaneous integrations of two constant (D.C.) signals whose 


relationship to one another is as the sine and cosine of the given angle. 
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